Metal-tetracycline/H+ antiporter of Escherichia coli encoded by transposon Tn10. Roles of the aspartyl residues located in the putative transmembrane helices.
Three conserved aspartyl residues located in the putative transmembrane helices in the Tn10-encoded metal-tetracycline/H+ antiporter were replaced by Asn, Lys, or Glu with oligonucleotide-directed site-specific mutagenesis. Replacement of Asp84 or Asp15 by Asn or Lys caused a severe defect in tetracycline transport activity, however, the Glu84 and Glu15 mutants retained 150 and 40% of the wild type activity, respectively, indicating the critical role of the negative charge. The increase in the activity of the Glu84 mutant was due to an increase in the affinity for the substrate. H+/tetracycline coupling was intact in these mutants, including Asn and Lys mutants. On the other hand, all of the Asp285-substitution mutants showed a severe defect in tetracycline transport activity and a complete lack of tetracycline-coupled H+ transport. However, since in vivo tests showed the tetracycline resistance for the Glu285 mutant, a negative charge in position 285 plays some role in maintaining the possible down-hill and/or low affinity efflux of accumulated tetracycline from intact cells. Similar work was done for Asp365, and here the Asn and Glu mutants showed decreased but high activity, while the Lys mutant was only marginally active (5%), indicating that a negative charge is not so demanding in position 365, possibly because it is not in the membrane.